###### Strengths and limitations of this study

-   Unlike previous studies, we examined the within-individual link between pain and sickness absence while controlling for all time-invariant confounding characteristics.

-   Longitudinal data on sickness absence were derived from employer's administrative records containing all absence days.

-   Both pain chronicity and the number of pain locations were examined.

-   As a limitation, our estimates might be conservative due to health-related drop out from paid employment.

Introduction {#s1}
============

The prevalence of pain is substantial among midlife employees,[@R1] and there is an increasing body of evidence showing that employees reporting pain have a higher risk of sickness absence (SA), especially due to musculoskeletal disorders, compared with those not reporting any pain.[@R2] However, it is yet unknown whether variability in an individual's experience of pain over time is associated with differences in their likelihood of SA. In other words, whether the association between pain and SA exists at the within-individual level when all time-invariant characteristics are controlled for.

In the previous studies, the methodological strategy has been the between-individual comparison, that is, the comparison of the subsequent SA risks between the individuals reporting and not reporting pain at a single time-point after adjusting for observable confounding factors.[@R2] A major limitation of such approach is the potential omitted variable bias,[@R12] meaning that unmeasured differences between participants in the two groups may explain the relationship between pain and SA.

The within-individual, also known as fixed effect, regression analysis has been advocated as an appropriate statistical approach to control for the omitted variable bias in longitudinal studies.[@R13] The method takes advantage of multiple measures per person by using each person as his/her own control and focusing on the within-individual changes during the study period.[@R14] In essence, the method compares individuals with themselves, instead of focusing on the differences between different individuals and, as a result, controls for all time-invariant characteristics of individuals. The within-individual method is particularly relevant to pain as there might be important unobservable individual characteristics that are linked to both pain reporting and a higher risk of SA, such as weak immune system.[@R15] While some studies have employed within-individual approach on research regarding other determinants of SA,[@R16] we are unaware of any prior studies using this approach to investigate the association between pain and SA.

It is also uncertain whether the pain--SA association differs between employees from high and low occupational classes. Studies where pain has been measured at one time-point suggest that work environment might act as an important moderator of the pain--SA association.[@R9] However, the role of the occupational class as such moderator needs to be confirmed.

The present study investigates the short (the number of SA days in the survey year) and long-term (the 2-year number of SA days following the survey year) within-individual association between pain and SA days among employees in low and high occupational classes. As advocated in the previous studies on the pain--SA association, we focus on both acute/subacute and chronic pain, and separately the number of pain locations.[@R6] It is hypothesised that within-individual change in pain will be associated with within-individual change in SA, and that this association may be stronger among those in a low occupation class for whom maintaining engagement in work with pain may be more difficult. It is further hypothesised that the associations will be stronger for short-term than the longer-term SA, in part because pain will be more likely to lead to disability retirement.[@R23]

Methods {#s2}
=======

Data {#s2a}
----

This study uses a sample from the Helsinki Health Study (HHS) consisting of midlife employees (at baseline 40--60 years old) of the City of Helsinki, Finland. HHS is a well-established ongoing cohort study with satisfactory to high response rates in mailed surveys at all study phases (67%--83%). The cohort data are extensively linked to the employer's as well as national administrative registers about SA. More details of the HHS cohort can be found elsewhere.[@R24] We included employees who consented to the linkage of their survey responses to the employer's SA records, and were respondents at baseline (2000--2002) and at least one follow-up survey (2007, 2012 or 2017) while still employed the whole survey calendar year (see online [supplementary figure S1](#SP1){ref-type="supplementary-material"}). Observations with missing items on the covariates were dropped from the analyses (553 employees excluded). The main analytical sample consisted of 3983 employees with the total of 11 009 observations.
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To investigate whether the association between pain and SA is moderated by occupational class, we split the sample into two groups: employees in high and low occupational classes. Following previous procedures,[@R25] employees in administrative/managerial, professional and semiprofessional occupations were categorised as 'high occupational class' (54% at the baseline) and employees in routine non-manual, and manual occupations were grouped into 'low occupational class' (46%). Occupational class was derived from the employer's personnel register and, for the very few with no such register-based information, completed from questionnaires. Our occupational measure was time varying and measured at each follow-up, meaning that a person could change from one occupational group to another during the follow-up period. However, we show some of the descriptive statistics by the baseline occupational group.

Patient and public involvement {#s2b}
------------------------------

Patients and or public were not involved in the design phase of the study.

Measures {#s2c}
--------

### Outcome: SA {#s2c1}

Information on SA was obtained from the employer's register containing all SA days for any cause. We used two different measures of SA. The first measure, used in studying *the short-term association* between current pain and SA, was the annual number of SA days in the same calendar year as the surveys were conducted. For this measure, up to three within-individual changes were possible (2000/2002--2007, 2007--2012 and 2012--2017). The second measure, reflecting *long-term associations between pain and SA*, was the 2-year cumulative number of SA days in the calendar years following the survey year (ie, the survey year was not included). For this measure, the employees were required to be employed by the City of Helsinki at least 2 full calendar years after the survey year. For the second measure, up to two within-individual changes were possible, and the study population was smaller as the employees were required to work until the year 2009 and the fourth phase survey (2017) was not yet available for the analyses (see online [supplementary figure S2](#SP1){ref-type="supplementary-material"}).

### Main exposure: pain {#s2c2}

Pain was asked similarly in the baseline and follow-up surveys. We collected data on both acute/subacute and chronic pain as their associations with work disability and health-related functioning differ.[@R5] The employees were first asked whether they were currently experiencing any pain ('Are you having any pain or ache at the moment?') and then separately the duration of the pain ('When did the pain or ache start?' 3 months or less/over 3 months ago). Following the conventional classifications,[@R26] pain lasting up to 3 months was defined as acute/subacute pain and pain lasting more than 3 months was defined as chronic pain. Previous investigations using the same data showed that this pain measure is a robust predictor of work disability, particularly due to musculoskeletal disorders,[@R27] and physical functioning.[@R22]

We additionally conducted analyses with multisite pain, as an alternative measure of pain, which has shown to have a stronger link to work disability than pain in a single site only.[@R6] Employees were asked whether they were currently experiencing acute/subacute or chronic pain in seven body locations (head/face, neck/shoulders, low back, lower limbs, upper limbs, stomach and a self-reported location). We classified the number of pain locations into none, one, two and three or more. For this measure, those reporting pain but not reporting the pain locations were set as missing observations causing a slightly smaller analytical sample (10 849 observations).

### Covariates: health {#s2c3}

Only time-varying covariates were included as the within-individual analysis implicitly controls for all time-invariant characteristics including sex. Health was assessed with two dichotomous measures, namely self-reported long-standing illness (yes/no) and common mental disorders (CMDs). CMDs were measured by a 12-item version of the General Health Questionnaire (GHQ-12)[@R30] with binary indicator variable based on a standard cut-point of 3 or more, which have been proved as a robust predictor of various mental health outcomes in the present cohort data, including disability retirement due to mental causes.[@R31]

### Work characteristics {#s2c4}

Given their association with both pain and SA, several previously used, self-reported, dichotomised and time-varying measures of working environment were included.[@R32] The employees were asked how physically and mentally strenuous they regarded their working environment with four response options: very light, somewhat light, somewhat strenuous and very strenuous. Due to different distributions, in mental working environment very strenuous option was coded as having a strenuous mental working environment; and in physical working environment somewhat and very strenuous options were coded as having a strenuous physical working environment. Furthermore, we included a time-varying low job control variable. Employees who fully or somewhat agreed with the statement 'On my job, I have very little freedom to decide how to do my work' were classified as having low job control. A dichotomous time-varying variable of reported part time work was included as part-time workers have a lower risk of SA and their exposure to work-related factors is shorter. In addition, given its established association with both pain and SA, we also included a time-varying dichotomous variable representing night or shift work (vs others).[@R34]

### Other covariates {#s2c5}

All models included a categorical survey phase variable to account for the differences due to the measurement phase and potential changes in the workplace and SA compensation. Finally, a dichotomous and potentially time-varying variable of marital status was also included (cohabiting/married vs never married/divorced/widowed).[@R35]

Statistical methods {#s2d}
-------------------

The short-term and long-term associations between pain and SA were examined with a within-individual estimation approach. This method controls for all time-invariant factors, both observable and unobservable, by assessing the association between changes in independent variables and corresponding changes in an outcome variable at the within-individual level.[@R14] The coefficient should, therefore, be interpreted as the within-individual association between a change in the independent variable and the corresponding change in the outcome variable.

Negative binomial distribution was chosen over Poisson due to overdispersion in the outcome variables. Given the methodological problems with fixed-effect negative binomial regression models in mainstream statistical software packages such as Stata,[@R36] we followed advocacy by Allison[@R37] and previous examples from the SA research,[@R18] and obtained the within-individual estimates from a hybrid model, also known as the 'within-between' estimator, for example.[@R38] Random-effect models were fitted with both person-specific mean scores of each time-varying variable and person-specific deviation scores as regressors. In this hybrid model, the person-specific mean scores estimate the between-individual associations, whereas the person-specific deviation scores (ie, deviations from the person-specific means of each time-varying variables) illustrate the within-individual associations.[@R39] Only the within-individual estimates are presented in the tables, while the between-within-individual estimate comparisons are shown in [figure 1](#F1){ref-type="fig"}. For the between-within-individual estimate comparison, we additionally included also a number of time-invariant variables (sex, age at baseline and Body Mass Index).

![Decomposition of the between-within associations with sickness absence (SA). Incident rate ratios (IRRs) are from a hybrid negative binomial regression. All models adjusted for time-varying long-standing illness, common mental disorders, marital status, part-time work, strenuous physical work, strenuous mental work, job control, occupational status and night/shift work. Additionally, time-unvarying age at baseline, sex and body mass index (normal weight, overweight and obesity). All differences shown in the between-individual versus within-individual estimates are statistically significant (p\<0.05). Short-term, within the survey year; long-term=during 2 years after the survey year.](bmjopen-2018-026994f01){#F1}

The models were fitted for all employees and separately for the employees classified in the low and high occupational classes. It is noteworthy that a same employee was potential present in both models if he/she changed from one occupational class to another during the observational period. In the first models studying the short-term association, the annual SA days in the survey year was the outcome variable. The second models focused on the longer-term association. The 2-year cumulative number of annual SA days in the calendar years following the survey year was the outcome in these analyses. The potential occupational class differences in the effect of pain were tested with a separate occupational class interaction model. Given the many possible interpretations of interaction effects when both interacted variables are time-varying in within-individual regression models, we created time-invariant occupational class variable, which represented a person's mean occupational class value over his/her observational period. Interaction terms with time-invariant occupational class and the pain variables, and other variables which differed between the occupational classes in the stratified models were included in this model (only p-values showed).

As no significant sex interactions were found in the main model, we did not stratify the analysis by sex. Due to the medium proportion of item missing responses, we also replicated our analyses using multivariate imputation by chained equations, but these did not change substantively our results, so we report the results from the complete case analyses. However, the results using imputations are shown in the supplementary materials (online [supplementary tables S1--S3](#SP1){ref-type="supplementary-material"}). The coefficients were transformed to enable interpretation as incidence rate ratios (IRR). Stata 15 and user-written xthybrid command by Schunck and Perales for the within-individual estimates were used.[@R39]

Results {#s3}
=======

Characteristics {#s3a}
---------------

As shown in [table 1](#T1){ref-type="table"}, the study population consisted of more female than male employees (82%) with a mean age of 47.2 years at baseline. Both baseline occupational classes had a similar mean number of observations per person (2.8 and 2.7). The employees when in the high occupational class had the mean number of 9.1 SA days in the short term (the survey years), while the mean was 16.5 days for the low occupational class. The difference in SA was similar when SA was measured in the long term (the subsequent 2 year mean of 18.8 vs 33 days). The employees when in the low occupational class were more likely to report acute/subacute and chronic pain as well as long-standing illness than those in the high class thorough the follow-ups. Furthermore, the employees in the high occupational class reported more mentally strenuous work and less physically strenuous work than employees in the low occupational class.

###### 

Descriptive statistics of the study population, the Helsinki Health Study

                                                  Occupational class at baseline                          
  ----------------------------------------------- ------------------------------------------------ ------ --------
  Women (%)\*                                     76                                               89     82
  Mean age at baseline\*                          47.2                                             47.1   47.2
  Number of persons (N)                           2138                                             1845   3983
  Number of observations (n)                      6025                                             4984   11 009
  Mean number of observations per person (2--4)   2.8                                              2.7    2.8
                                                  Occupational class (potentially time-varying)†          
  Mean number of SA days‡                         High                                             Low    Total
   Short-term (the survey year)                   9.1                                              16.5   12.3
   Long-term (the subsequent 2 year)              18.8                                             33.0   25.1
  Pain (%)‡                                                                                               
   No pain                                        61                                               51     57
   Acute or subacute pain                         14                                               17     16
   Chronic pain                                   24                                               32     28
   Total                                          100                                              100    100
  Number of pain locations, 1--7 (%)‡                                                                     
   One pain location                              20                                               21     20
   Two pain locations                             10                                               13     11
   Three or more pain locations                   8                                                14     11
  Long-standing illness (%)‡                                                                              
   No                                             59                                               56     58
   Yes                                            41                                               44     42
   Total                                          100                                              100    100
  Common mental disorders (%)‡                                                                            
   No                                             76                                               77     76
   Yes                                            24                                               23     24
   Total                                          100                                              100    100
  Mentally strenuous work (%)‡                                                                            
   No                                             85                                               91     87
   Yes                                            15                                               9      13
   Total                                          100                                              100    100
  Physically strenuous work (%)‡                                                                          
   No                                             84                                               49     69
   Yes                                            16                                               51     31
   Total                                          100                                              100    100
  Low job control (%)‡                                                                                    
   No                                             92                                               84     89
   Yes                                            8                                                16     11
   Total                                          100                                              100    100

\*Proportion of participants.

†Potentially time-varying occupational class (a same person could be potential in both columns).

‡Proportion of observations.

Within-individual changes in pain were common ([table 2](#T2){ref-type="table"}). Around 41% of the employees with two consecutive observations changed their pain status; 19% reported decrease in pain and 22% increase in pain (ie, increase from no pain to acute/subacute pain or from acute/subacute pain to chronic pain). Some 66% of the participants reported pain at some point of the study and, therefore, only 34% of the participants did not have any pain at any time point of the study. Around half of the participants had at least one observation in which they reported chronic pain and the percentage was higher among those in the low occupational class at the baseline than in the high class (54% vs 44%).

###### 

The number of changes in the pain status

  Pain                                                                                                                                                              
  ---------------------------------------------------------------------------------------------------------- --------------- ---------------------- --------------- -------------
                                                                                                             No pain % (n)   Acute/subacute % (n)   Chronic % (n)   Total % (n)
  Time 0 (wave t) pain status                                                                                                                                       
   No pain                                                                                                   71 (2905)       12 (486)               17 (709)        100 (4100)
   Acute or subacute pain                                                                                    44 (490)        24 (266)               32 (355)        100 (1111)
   Chronic pain                                                                                              31 (554)        17 (303)               53 (958)        100 (1815)
   Total                                                                                                     56 (3949)       15 (1055)              29 (2022)       100 (7026)
  Changes                                                                                                                                                           
   Decreasing pain (chronic to acute/subacute or no pain, or acute/subacute to no pain)                      19 (1347)                                              
   Increasing pain (no pain to acute/subacute or chronic, or acute/subacute to chronic)                      22 (1550)                                              
   Stable (no change)                                                                                        59 (4129)                                              
   Total                                                                                                     100 (7026)                                             
  Proportion of participants with at least one observation with no pain % (n)                                                                                       
   All                                                                                                       77 (3074)                                              
   Baseline high occupational class                                                                          82 (1763)                                              
   Baseline low occupational class                                                                           71 (1311)                                              
  Proportion of participants with at least one observation with any pain (acute/subacute or chronic) % (n)                                                          
   All                                                                                                       66 (2637)                                              
   Baseline high occupational class                                                                          62 (1315)                                              
   Baseline low occupational class                                                                           72 (1322)                                              
  Proportion of participants with at least one observation with acute/subacute pain % (n)                                                                           
   All                                                                                                       34 (1365)                                              
   Baseline high occupational class                                                                          32 (682)                                               
   Baseline low occupational class                                                                           37 (683)                                               
  Proportion of participants with at least one observation with chronic pain % (n)                                                                                  
   All                                                                                                       49 (1935)                                              
   Baseline high occupational class                                                                          44 (941)                                               
   Baseline low occupational class                                                                           54 (994)                                               

Similar characteristics of the SA measures are presented in the online [supplementary table S4](#SP1){ref-type="supplementary-material"}. Overall, 51% of the employees had at least one observation in which they did not have any SA days the short term. The figure was higher among those in the high occupation class (58%) than in the low class (42%) at the baseline. The difference between the two baseline occupational classes was similar for the risk of SA in the long-term.

Acute/subacute and chronic pain {#s3b}
-------------------------------

[Table 3](#T3){ref-type="table"} presents the within-individual estimates for the short-term associations between acute/subacute and chronic pain and SA. In the analysis combining all employees, acute/subacute pain was associated with a 13% increase in the rate of SA days (IRR 1.13 \[95 % CI 1.01 to 1.27\]), while the association was somewhat stronger between chronic pain and SA days (1.32 \[1.19--1.47\]). The stratified analyses showed that in the low occupational class, chronic pain was associated with a 43% increase in the rate of SA (1.43 \[1.23--1.66\]), while the association was somewhat weaker in the high occupational class (1.25 \[1.08--1.46\]). Furthermore, acute/subacute pain showed an association with SA in the low (1.29 \[1.10--1.50\]) but not in the high occupational class. For all employees, long-standing illness (1.32 \[1.19--1.46\]), CMDs (1.53 \[1.38--1.69\]) and physically strenuous work (1.33 \[1.18--1.50\]) had short-term within-individual association with SA.

The within-individual estimates for the long-term associations between acute/subacute and chronic pain and SA are presented in [table 4](#T4){ref-type="table"}. In the analysis combining all employees, chronic pain was associated with a 26% increase in the rate of SA (1.26 \[1.14--1.39\]), but there were no statistically significant differences between the occupational classes. Only in the low occupational class, acute/subacute pain had a weak long-term association with SA (1.17 \[1.01--1.34\]). In the all employees model, mentally and physically strenuous work were both linked to a 14% and 17%, respectively, increase in the rate SA days in the long-term (IRR=1.14 \[1.01--1.30\] for mentally and IRR=1.17 \[1.04--1.30\] for physically strenuous work).

###### 

Within-individual short-term associations between acute/subacute and chronic pain, and sickness absence days

  Model                        All                         High occupational class     Low occupational class      P value for the occupational class interaction†
  ---------------------------- --------------------------- --------------------------- --------------------------- -------------------------------------------------
  Pain (ref group: no pain)                                                                                        
   Acute or subacute pain      1.13\* (1.01 to 1.27)       1.05 (0.89 to 1.24)         1.29\*\* (1.10 to 1.50)     0.051
   Chronic pain                1.32\*\*\* (1.19 to 1.47)   1.25\*\* (1.08 to 1.46)     1.43\*\*\* (1.23 to 1.66)   0.135
  Health                                                                                                           
   Long-standing illness       1.32\*\*\* (1.19 to 1.46)   1.22\* (1.04 to 1.42)       1.38\*\*\* (1.19 to 1.60)   
   Common mental disorders     1.53\*\*\* (1.38 to 1.69)   1.56\*\*\* (1.36 to 1.80)   1.58\*\*\* (1.37 to 1.83)   
  Working conditions                                                                                               
   Mentally strenuous work     0.99 (0.86 to 1.14)         0.94 (0.78 to 1.13)         1.07 (0.87 to 1.31)         
   Physically strenuous work   1.33\*\*\* (1.18 to 1.50)   1.15 (0.95 to 1.40)         1.35\*\*\* (1.15 to 1.58)   0.228
   Low job control             1.06 (0.94 to 1.20)         1.20 (0.97 to 1.49)         0.98 (0.84 to 1.15)         0.129
  Number of observations       11 009                      6257                        4752                        

Short-term association is measures by SA days in the survey year. All models are additionally adjusted for survey wave, marital status, night/shift work and part-time work.

\*p\<0.05; \*\*p\<0.01; \*\*\*p\<0.001.

†Interaction terms for variables differed in the stratified models included to a single model.

IRRs, incidence rate ratios and their 95% CIs.

###### 

Within-individual long-term associations between acute/subacute and chronic pain, and sickness absence days

  Model                        All                         High occupational class   Low occupational class      P value for the occupational class interaction†
  ---------------------------- --------------------------- ------------------------- --------------------------- -------------------------------------------------
  Pain (ref group: no pain)                                                                                      
   Acute or subacute pain      1.12\* (1.02 to 1.24)       1.10 (0.95 to 1.27)       1.17\* (1.01 to 1.34)       0.596
   Chronic pain                1.26\*\*\* (1.14 to 1.39)   1.22\*\* (1.05 to 1.41)   1.31\*\*\* (1.14 to 1.51)   0.565
  Health                                                                                                         
   Long-standing illness       1.11 (1.00 to 1.22)         1.21\* (1.05 to 1.41)     1.01 (0.88 to 1.17)         0.073
   Common mental disorders     0.98 (0.89 to 1.07)         1.03 (0.89 to 1.18)       0.92 (0.81 to 1.04)         
  Working conditions                                                                                             
   Mentally strenuous work     1.14\* (1.01 to 1.30)       1.21\* (1.03 to 1.43)     1.03 (0.84 to 1.26)         0.272
   Physically strenuous work   1.17\*\* (1.04 to 1.30)     1.06 (0.87 to 1.28)       1.21\* (1.04 to 1.39)       0.261
   Low job control             1.09 (0.97 to 1.22)         1.07 (0.87 to 1.32)       1.12 (0.98 to 1.29)         
  Number of observations       8339                        4654                      3685                        

Long-term association is measures by SA days the 2 years after the survey. All models are additionally adjusted for survey wave, marital status, night/shift work and part-time work.

\*p\<0.05; \*\*p\<0.01; \*\*\*p\<0.001.

†Interaction terms for variables differed in the stratified models included to a single model.

IRRs, incidence rate ratios and their 95% CIs.

Multisite pain {#s3c}
--------------

Analyses using the number of pain locations as the main independent variable supported the results ([table 5](#T5){ref-type="table"}). One pain location had a short-term within-individual association with SA in the low occupational class (1.38 \[1.20--1.60\]), while the association was not statistically significant in the high occupational class (1.11 \[0.95--1.29\]). Two pain locations showed significant short-term association with SA for both occupational groups (IRR=1.46 \[1.21--1.75\] for the low occupational class and IRR=1.30 \[1.07--1.58\] for the high occupational class). Regarding the long-term associations, the number of pain locations showed fairly linear within-individual association with SA without significant occupational class differences.

###### 

Within-individual association between multisite pain and sickness absence days

  Pain                            All                         High occupational class   Low occupational class      P value for the occupational class interaction†
  ------------------------------- --------------------------- ------------------------- --------------------------- -------------------------------------------------
  *Short-term association*                                                                                          
  Pain (ref group: no pain)                                                                                         
   One pain location              1.22\*\*\* (1.10 to 1.36)   1.11 (0.95 to 1.29)       1.38\*\*\* (1.20 to 1.60)   0.012
   Two pain locations             1.35\*\*\* (1.19 to 1.54)   1.30\*\* (1.07 to 1.58)   1.46\*\*\* (1.21 to 1.75)   0.293
   Three or more pain locations   1.21\* (1.04 to 1.40)       1.19 (0.95 to 1.50)       1.26\* (1.03 to 1.55)       0.706
  Number of observations          10 849                      6181                      4668                        
  *Long-term association*                                                                                           
  Pain (ref group: no pain)                                                                                         
   One pain location              1.16\*\* (1.05 to 1.27)     1.15 (1.00 to 1.33)       1.19\* (1.04 to 1.37)       0.529
   Two pain locations             1.23\*\*\* (1.09 to 1.39)   1.16 (0.97 to 1.40)       1.27\*\*(1.08 to 1.51)      0.528
   Three or more pain locations   1.36\*\*\* (1.19 to 1.55)   1.17 (0.94 to 1.45)       1.55\*\*\* (1.30 to 1.86)   0.042
  Number of observations          8214                        4600                      3614                        

All models adjusted for common mental disorders, long-standing illness, physical and mental work environments, job control, survey wave, marital status, night/shift work and part-time work.

\*p\<0.05; \*\*p\<0.01; \*\*\*p\<0.001.

†Interaction terms for variables differed in the stratified models included to a single model.

Short-term, within the survey year; long-term, during 2 years after the survey year.

IRRs, incidence rate ratios and their 95% CIs.

Between-individual and within-individual estimate comparison {#s3d}
------------------------------------------------------------

As shown in [figure 1](#F1){ref-type="fig"}, the comparison of the within-individual and between-individual estimates indicates that controlling for the time-invariant unobservable variables attenuates the between-individual association of pain with SA. For acute/subacute and chronic pain and the two SA indicators, the between-individual estimates were significantly larger than the within-individual estimates which controlled for all time-invariant characteristics (model 1 and model 2). In line with this, the results for multisite pain suggest (model 3 and model 4) that the between-individual estimates may provide overstated effect sizes regarding the pain--SA association.

Discussion {#s4}
==========

This study investigated the within-individual association between pain and SA among midlife employees, and examined potential differences between those in low and high occupational classes. The main findings were the following. First, changes in pain were associated with short-term changes in the number of SA days among all employees, and that the effect of acute/subacute and single located pain on SA was greater in employees in the low occupational class than in those in the high occupational class. These findings were mainly similar when focusing on multisite pain as an alternative measure of pain. Second, chronic pain showed a somewhat stronger within-individual association than acute/subacute pain, and the long-term associations between pain and SA were somewhat weaker than the short-term ones. Third, regarding the other predictors used in this study, within-individual changes in long-standing illness, CMDs and working conditions were associated with corresponding short-term changes in SA.

The results are in line with the previous studies using between-individual methodological strategies[@R2] although the risk estimates obtained in the present study are somewhat lower than the ones in the previous studies. For example, an earlier study with the present cohort showed that female employees reporting acute/subacute and chronic pain had a 1.37 and 1.53-fold increased rate of medium-length SA spells (4--14 days of absence) compared with those not reporting any pain.[@R5]

Nevertheless, the results suggest that the omitted variable bias might be an important factor to be considered in the research on the pain--SA association. Our models showed that the within-individual risk estimates were consistently smaller than the between-individual estimates even after adjusting for a number of time-invariant characteristics. This finding indicates that those employees who report pain at some point in the study are also predisposed to higher levels of SA on the occasions when they do not report pain. Our within-individual analytic strategy takes this into account by using each employee as his/her own control. This confirms that the risk of SA is further elevated on the occasions that individuals did report pain. Our analysis approach, therefore, has a significant advantage compared with many previous studies that are prone to the omitted variable bias.[@R2]

Pain had a stronger short-term association with SA among the employees in the low occupational class than among those in high occupational class when all time-invariant characteristics were considered. This finding is consistent with previous evidence indicating that working environment is a moderator of musculoskeletal disorders or pain related SA.[@R9] Haukka *et al* [@R9] found that having a high occupational class was a protective factor for SA in a nationally representative sample comprising Finnish employees with cross-sectionally measured multisite pain. However, somewhat contrary evidence is provided by Andersen *et al*,[@R4] who found that neck/shoulder pain is a specific risk factor for long SA episode for white-collar workers but not for blue-collar workers.

A number of factors might explain the finding that occupational class is a moderator in the association between pain and SA. Pain could be triggered by different work exposures, and it could specifically impair the capacity related to the varying types of occupational physical activities in the low occupational class. Thus, similar pain might have a different effect on work ability among people with distinct work exposures.[@R11] This is in line with the well-known conceptualisation of work disability as a mismatch between health and work environment.[@R42]

Alternatively, the pain reported by the employees in the low occupational class might be qualitatively different from that in the high occupational class and therefore having a stronger effect on work disability.[@R1] However, our descriptive analysis showed that among those reporting pain in a single location, the pain locations reported were similar between the high and low occupational groups (data not shown). Nevertheless, we were not able to determine whether the pain intensity differed between the groups, which may explain the indication for an interaction effect.

Finally, modification of working arrangements may be more likely to be implemented or more feasible within the high occupational class, allowing these employees to better cope with pain. For example, it is shown that the ability to adjust working time might prevent SA among employees with multisite pain,[@R9] and working time adjustments are generally more common in the high occupational class. More evidence is needed to investigate thoroughly the work-related factors potentially moderating the pain--SA association. Identifying groups for which pain prevention would be particularly beneficial could help modify workplace practices, target appropriate interventions and thereby ease the overall economic burden of SA.

Concerning the other predictors used in this study, CMDs, long-standing illness and physically and mentally strenuous work all had a within-individual association with SA. We found that CMDs were associated with a 1.5-fold increase in the rate of SA in the short-term, while the association was non-significant in the longer term. An Australian study found a small within-individual association between severe depression and SA, and similarly with the present study, showed that, due to the omitted variable bias, between-individual comparison might provide an overstated effect of mental ill-health on SA.[@R19] Furthermore, our results showed that changes in the reported physically strenuous work had a short-term and longer-term within-individual association with SA. This finding is also supported by a body of previous observational studies.[@R41] Overall, our findings on the between-individual and within-individual estimate comparisons are in line with the studies showing that the association between SA and various predictors somewhat attenuates when unobserved characteristics are controlled for.[@R18]

Methodological considerations {#s4a}
-----------------------------

This study used a longitudinal occupational cohort with high overall response rates, long follow-up and register-based data on SA.[@R24] Moreover, we used a within-individual analytical strategy in which the potential bias due to omitted unobservable time-invariant variables is averted[@R14] although the method is still not sufficient for causal interpretation as such. Moreover, we were able to study both short-term and longer-term associations between pain and SA. Finally, an important advantage was that our sample comprised employees of the same employer having similar policies for SA and healthcare coverage.

However, some limitations are important to consider when interpreting the findings. First, a selection bias might influence the results. The within-individual estimation can handle sample selection if the selection is due to time-invariant characteristics of the employees.[@R14] However, the selection related to time-variant characteristics, such as deteriorating health, can have an influence on the results. Importantly, the healthy worker effect might exist as those with the most disabling pain are more likely to retire early due to disability and drop out from the study population. Due to such potential selection biases, it can be argued that the results and estimates, especially from the long-term association, are likely to be conservative especially for the low occupational group who are more likely to retire early. This might explain the finding that long-standing illness showed a somewhat stronger long-term association with SA in the high occupational group. Furthermore, around 22% of the original study population did not provide consent for record linkage. Although those who did not give consent did not differ in terms of pain measures, they were more likely to report adverse working conditions, which might cause some bias regarding these measures.

Second, pain was self-reported and assessed only in surveys conducted over a long time-frame. We did not have information on pain reported in a healthcare setting nor the date on which the pain started. Nonetheless, pain is a subjective condition,[@R44] and most other epidemiological studies rely on such self-reported data. Third, as we had a female dominated cohort of public sector employees only, this could affect generalisability of our findings. For example, women typically report more pain symptoms than men.[@R45] Fourth, although the models controlled for all time-invariant (ie, including unobserved characteristics) and several important time-varying characteristics, other time-varying factors that may cause both SA and pain were not measured or able to be controlled, for example, changes in personal relationships. Fifth, we did not have access to information on the diagnostic causes for SA, as this information is available only for longer SA periods. It might be possible that the reasons for SA differ substantially between occupations. Sixth, we lacked the information on SA for the employees who became unemployed or changed their employer. However, both of these categories were very small.

It is important to note that the within-individual method calculates the coefficients as a combined effect of both positive and negative changes in the exposures. Our explorative analysis with alternative approach showed that both increases in pain (compared with stable no pain) and decreases in pain (compared with stable pain) were associated with SA but the estimates of increases in pain were somewhat larger than the estimates of pain decreases (see supplementary materials online [supplementary table S5](#SP1){ref-type="supplementary-material"}). Given this and the fact that pain increased overall within the study period, our risk estimates were more likely to reflect the effect of increases in pain. Furthermore, in within-individual analyses, the estimates can be imprecise for variables with little within-individual changes over time. This might cause some concerns regarding our estimates, including pain in multiple locations, containing less within-individual variation.

Some clinical conditions might obviously explain both reported pain and SA. We adjusted our models for long-standing illness, but it is possible that some residual bias remains. We did not adjust for clinically assessed musculoskeletal disorders or self-rated health as these are not separate conditions from reported pain. However, our sensitivity analyses additionally adjusting for severe pain-related illnesses (binary indicator of reported doctor diagnosed rheumatoid arthritis, cancer, arthrosis or migraine) had only a minor effect on the estimates and did not change the findings (data not shown).

Conclusion {#s5}
==========

Pain increases the short-term and long-term risks of SA. When all time-invariant characteristics are considered, pain might more likely to lead to SA in those with low occupational class than in those with high occupational class. Improvements in physical working environment, pain prevention and adjustment to accommodate pain are likely to decrease SA days.
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